The transmembrane protein KpOmpA anchoring the outer membrane of Klebsiella pneumoniae unfolds and refolds in response to tensile load.
In Klebsiella pneumoniae the transmembrane β-barrel forming outer membrane protein KpOmpA mediates adhesion to a wide range of immune effector cells, thereby promoting respiratory tract and urinary infections. As major transmembrane protein OmpA stabilizes Gram-negative bacteria by anchoring their outer membrane to the peptidoglycan layer. Adhesion, osmotic pressure, hydrodynamic flow, and structural deformation apply mechanical stress to the bacterium. This stress can generate tensile load to the peptidoglycan-binding domain (PGBD) of KpOmpA. To investigate how KpOmpA reacts to mechanical stress, we applied a tensile load to the PGBD and observed a detailed unfolding pathway of the transmembrane β-barrel. Each step of the unfolding pathway extended the polypeptide connecting the bacterial outer membrane to the peptidoglycan layer and absorbed mechanical energy. After relieving the tensile load, KpOmpA reversibly refolded back into the membrane. These results suggest that bacteria may reversibly unfold transmembrane proteins in response to mechanical stress.